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Methods

Study Population
This study was based on the largest stroke registry in China, the China National Stroke Registry (CNSR), which is a nationwide, multicenter, and prospective registry of consecutive patients with acute cerebrovascular events. 16 Briefly, hospitals in China are classified into 3 grades: I (community hospitals), II (hospitals that serve several communities), and III (central hospitals for a certain district or city). A level III hospital is usually an academic center and more medically advanced than level I and II hospitals. In total, 242 potential sites including 114 grade III, 71 grade II, and 57 grade I hospitals, from both urban and rural area, were initially identified by a soliciting application. The CNSR steering committee evaluated research capability and commitment to the registry of each hospital with a preliminary survey. Finally, a total of 132 hospitals including 100 grade III and 32 grade II were selected, which cover 27 provinces and 4 municipalities across China. Trained research coordinators at each hospital review medical records daily to screen, consent, and enroll consecutive patients. To be eligible for this study, subjects had to meet the following criteria: (1) age ≥18 years; (2) hospitalized with a primary diagnosis of AIS or spontaneous ICH according to World Health Organization criteria 17 ; (3) stroke confirmed by head computerized tomography or brain MRI; (4) direct admission to hospital from a physician's clinic or emergency department; and (5) written informed consent from patients or their legal representatives. The scientific use of data registered in the CNSR was approved by the central institutional review board at Beijing Tiantan Hospital and local ethical committees at each participating hospital.
Data Collection and Definitions
In the CNSR network, a standardized case report form was used for data collection. The relevant data were extracted from medical records by trained research coordinators. For the present study, the following candidate variables were analyzed: (1) demographics (age and sex); (2) stroke risk factors: hypertension (history of hypertension or antihypertensive medication use), diabetes mellitus (history of diabetes mellitus or antidiabetic medication use), dyslipidemia (history of dyslipidemia or lipid-lowering medication use), atrial fibrillation (history of atrial fibrillation or documentation of atrial fibrillation on admission), coronary heart disease, history of stroke/transient ischemic attack, and current smoking; (3) pre-existing comorbidities: congestive heart failure, valvular heart disease, chronic obstructive pulmonary disease, peripheral artery disease, hepatic cirrhosis, peptic ulcer, previous gastrointestinal bleeding (GIB), renal failure, arthritis, Alzheimer disease/dementia, and cancer; (4) prestroke dependence (modified Rankin Scale score ≥3); (5) admission stroke severity based on the National Institutes of Health Stroke Scale (NIHSS) score; (6) hematoma location (for ICH) categorized as supratentorial and infratentorial ICH; (7) Oxfordshire Community Stroke Project (OCSP) subtypes (for AIS): according to the OCSP criteria, AIS were classified as partial anterior circulation infarct, total anterior circulation infarct, lacunar infarction, and posterior circulation infarct; (8) length of hospital stay (days); (9) hospital academic status categorized as academic and nonacademic center; (10) total beds of hospital categorized as <1000 and ≥1000; and (11) equipment of stroke unit categorized as with and without stroke unit.
Definition of Medical Complications
The following in-hospital medical complications after acute stroke were diagnosed by treating physicians and prospectively registered by trained research coordinators in the CNSR network: recurrent stroke, epileptic seizure, hydrocephalous, myocardial infarction, atrial fibrillation/flutter, pneumonia, GIB, urinary tract infection, deep vein thrombosis, pulmonary embolism, and decubitus ulcer. Only complications that developed after hospital admission were registered. Definitions of these medical complications were, in general, in accordance with definitions used in other studies 7, 9, 10 (Table I in the online-only Data Supplement). Data on the development of studied medical complications after acute stroke were manually checked for completeness, correct coding, and proper application of diagnostic algorithm by a research specialist from an independent contract research organization.
Statistical Analysis
Continuous variables were summarized with mean and SD or median and interquartile range; categorical variables were summarized as proportions. In univariate analysis, χ 2 , or Fisher exact test was used to compare categorical variables, and Student t test or Mann-Whitney test was used to compare continuous variables. In multivariable analysis, generalized estimation equation was performed to assess association between medical complications in AIS and ICH cohort, respectively (association between pneumonia and nonpneumonia medical complications and association between each pair of nonpneumonia medical complications). The generalized estimation equation models considered clustering effect within hospitals 18 and adjusted for demographics (age and sex), stroke risk factors (hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, coronary heart disease, history of stroke/transient ischemic attack, and current smoking), pre-existing comorbidities (congestive heart failure, valvular heart disease, chronic obstructive pulmonary disease, peripheral artery disease, hepatic cirrhosis, peptic ulcer or previous GIB, renal failure, arthritis, Alzheimer disease/dementia, and cancer), prestroke dependence (modified Rankin Scale score ≥3), admission NIHSS score, hematoma location (for ICH), OCSP subtypes (for AIS), length of hospital stay, hospital academic status, total beds of hospital, and equipment of stroke unit. Missing data were coded as following: 91 patients (0.5%) with missing data on medical history of current smoking, 273 (1.4%) of alcohol consumption, 30 (0.2%) of dementia/Alzheimer disease were coded as absence. One hundred five (0.5%) patients with missing NIHSS score on admission were coded as median. All tests were 2-tailed, and statistical significance was determined at α level of 0.05. In the multivariate analysis, regarding the number of comparisons done, we used a more restricted criteria to declare significant association (0.001). Statistical analysis was performed using SAS version 9.1 (SAS Institute, Cary, NC) and SPSS version 17.0 (SPSS Inc, Chicago, IL).
Results
Patient Characteristics
Patient characteristics are shown in Table 1 . From September 2007 to August 2008, a total of 14 702 patients with AIS and 5221 patients with ICH were enrolled in the CNSR network. The median age was 65 years (interquartile range, 55-74 years), and 38.1% were female. The median length of hospital stay was 14 days (interquartile range, 10-20 days) for AIS and 18 days (interquartile range, 11-26 days) for ICH. In total, 4710 (23.6%) patients developed ≥1 medical complication during acute hospitalization. In-hospital medical complication(s) was more frequent among patients with older age, female sex, patients with certain stroke risk factors or pre-existing comorbidities (such as hypertension, diabetes mellitus, atrial fibrillation, congestive heart failure, etc), prestroke dependence, higher admission NIHSS score, and longer length of hospital stay ( Table 2) .
Frequency of Medical Complication
they were more likely to combine with pneumonia. For example, pneumonia plus GIB (59.7%) was the most frequent combination and was much higher than any other combinations of medical complications that included GIB (range: 1.1%-18.2%). Meanwhile, pneumonia was significantly correlated with development of each nonpneumonia medical complication after AIS (Table 2) . Interestingly, similar findings were also found in ICH cohort (Table 3) .
Association Between Pneumonia and Nonpneumonia Medical Complications
Association between pneumonia and nonpneumonia medical complications after AIS/ICH is shown in OR, 2.65; 95% CI, 2.07-3.40; P<0.001). Similar significant association between pneumonia and development of several nonpneumonia medical complications (GIB, decubitus ulcer, deep vein thrombosis, epileptic seizure, urinary tract infection, hydrocephalous, recurrent stroke, and atrial fibrillation/ flutter) was found in ICH cohort as well (Table 4) .
Association Between Nonpneumonia Medical Complications
Association between nonpneumonia medical complications after AIS is shown in Table II in the online-only Data Supplement. After adjusting for potential confounders (demographics, stroke risk factors, comorbidities, prestroke dependence, admission NIHSS score, OCSP subtypes, length of hospital stay, hospital academic status, and equipment of stroke unit), significant association was found between several nonpneumonia medical complications after AIS. However, after further adjusting for pneumonia, association between these nonpneumonia medical complications was considerably reduced, especially for those pairs with atrial fibrillation/flutter, urinary tract infection, and GIB as predictors. Similar results were found in ICH cohort as well (Table III in 
Discussion
In the present study, we systematically investigated the interrelationship among common medical complications after AIS/ ICH. It was found that combination of common medical complications after acute stroke was not random and pneumonia was significantly associated with development of several nonpneumonia medical complications (such as GIB, decubitus ulcer, deep vein thrombosis, epileptic seizure, atrial fibrillation/flutter, urinary tract infection, and recurrent stroke) after AIS/ICH. 
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Several prior studies have systematically investigated medical complications after stroke 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] ; however, our study differed from them in several ways. First, our study had the largest sample size (AIS cohort, n=14 702; ICH cohort, n=5221). Second, our study was based on a nationwide, multicenter, and prospective stroke registry, which included consecutive patients of AIS/ICH and was outside of clinical trials. It was more reflective of characteristics of stroke-associated medical complications in real-world clinical practice. Third, to the best of our knowledge, we are the first to investigate the interrelationship systematically among common medical complications after acute stroke. Finally, the findings of our study were verified in AIS and ICH cohort, respectively.
Based on the findings of the study, we conjectured that pneumonia might be a risk factor or risk marker for development of several nonpneumonia medical complications after AIS/ OR 1 adjusted for demographics (age and sex). OR 2 adjusted for demographics (age and sex) and admission NIHSS score. OR 3 adjusted for demographics (age and sex), stroke risk factors (hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, coronary heart disease, history of stroke/transient ischemic attack, and current smoking), comorbidities (congestive heart failure, valvular heart disease, chronic obstructive pulmonary disease, peripheral artery disease, hepatic cirrhosis, peptic ulcer or previous gastrointestinal bleeding, renal failure, arthritis, dementia, and cancer), prestroke dependence (modified Rankin Scale score ≥3), admission NIHSS score, Oxfordshire Community Stroke Project (OCSP) subtypes (for AIS), hematoma location (for ICH), length of hospital stay, hospital academic status, total beds of hospital, and equipment of stroke unit. AIS indicates acute ischemic stroke; CI, confidence interval; ICH, intracerebral hemorrhage; NIHSS, National Institutes of Health Stroke Scale; and OR, odds ratio. ICH. First, similar to prior studies, [6] [7] [8] [9] [10] 12 pneumonia was found to be the most common medical complication after AIS/ICH (Figure 1) . Second, our study showed that when nonpneumonia medical complications occur concurrently with other complications, they were more likely to combine with pneumonia (Tables 2 and 3 ). Third, after adjusting for potential confounders, pneumonia was shown to be strongly and significantly associated with development of several nonpneumonia medical complications after AIS/ICH (Table 4) . Finally, among nonpneumonia medical complications, none of them was found to be strongly, extensively, and significantly associated with other complications as pneumonia did. Meanwhile, although significant association was found between several nonpneumonia medical complications after AIS/ICH, the association was considerably reduced after adjusting for occurrence of pneumonia (Tables I and II in the online-only Data Supplement). These results suggested that association between nonpneumonia medical complications after AIS/ICH might be mediated by pneumonia. Caution has to be taken when interpreting the results because of lack of temporal sequence of these in-hospital medical complications after acute stroke, and the causal relationship could not be established directly. Further studies are needed to verify our findings and to provide novel clues to uncover potential pathophysiological mechanisms.
Although limited studies were focused on investigating interrelationship among medical complications after acute stroke, our findings could be supported by studies outside the stroke field: pneumonia or respiratory failure was found to be an independent risk factor for GIB in patients admitted to intensive care unit 19, 20 ; pneumonia was identified as a risk factor for development of deep vein thrombosis after general surgical operation 21 ; cardiac complications (heart failure, arrhythmia, and myocardial infarction) were found to be common among patients with community-acquired pneumonia 22 ; atrial fibrillation after lung transplantation was more likely to occur among patients with pneumonia 23 ; pneumonia was identified as a risk factor for pressure ulcer during inpatient rehabilitation after spinal cord injury 24 ; infection, especially pneumonia, seems to be an important trigger that proceeds up to one third of ischemic stroke and can cause stroke through a range of potential mechanisms. 25 Organ cross-talk is an emerging, interesting, and clinically relevant field. [26] [27] [28] [29] [30] Currently, little is known about the intrinsic pathway and pathophysiological mechanisms of medical complications cross-talk after acute stroke. Accumulating evidence indicated that acute stroke could induce significant immunologic changes such as stroke-induced immunodepression, 31, 32 which was a key facilitating factor for poststroke infection, especially pneumonia. Meanwhile, we can learn important lessons from studies on postinjury multiple organ dysfunction syndrome, in which pneumonia or acute lung injury has been described as the pacemaker of multiple organ failure 26, 33, 34 and could induce multiple organ dysfunction syndrome by releasing inflammatory mediators into bloodstream (biotrauma). 33, [35] [36] [37] [38] [39] Based on these indirect evidences, we speculated that association between pneumonia and development of nonpneumonia medical complications after acute stroke might be medicated by systemic immunologic response and inflammatory mediators (Figure 2) . Further studies on molecular mechanisms underlying interrelationship among stroke-associated medical complications are warranted.
Our study has limitations that deserve mention. First, like most registries, our registry required informed consent and selection bias was inevitable. 40 Second, information on temporal sequence of in-hospital medical complications after acute stroke was not recorded, and the causal relationship could not be established directly. Third, severity of these inhospital medical complications after acute stroke was not noted. Further studies with timing (temporal relationship) and severity (dose-response relationship) taken into consideration might provide stronger evidence to clarify the potential role of pneumonia in development of nonpneumonia medical complications after acute stroke. Finally, our study included only hospitalized patients, and those patients died in emergency room or treated in outpatient clinics were not included.
In conclusion, pneumonia might be an important risk factor or risk marker for development of several nonpneumonia 
